Hospitalizations for varicella-zoster virus infection (n = 13,018) among active-duty Navy and Marine Corps personnel were studied retrospectively for the years [1981][1982][1983][1984][1985][1986][1987][1988][1989][1990][1991][1992][1993][1994]. A large increase in hospitalization rates occurred during the 1980s, peaking in 1987 with 2025 total hospitalizations and a crude rate of 2581100,000 persons. Since that time, hospitalization rates have decreased markedly, with only 473 hospitalizations in 1994 (rate, 74/100,000 persons). In unconditional logistic regression risk factor modeling for varicella hospitalization, personnel at highest risk of hospitalization had foreign homes of record, were most junior in rank, had~2 years of military service, were Filipino or black, were male, and served in the Navy. Adjusted risk of hospitalization fell >2-fold from 1987-1988 to 1993-1994. These finding may assist military public health officials in developing strategies to prevent varicella morbidity.
Hospitalizations for varicella-zoster virus infection (n = 13,018) among active-duty Navy and Marine Corps personnel were studied retrospectively for the years [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] . A large increase in hospitalization rates occurred during the 1980s, peaking in 1987 with 2025 total hospitalizations and a crude rate of 2581100,000 persons. Since that time, hospitalization rates have decreased markedly, with only 473 hospitalizations in 1994 (rate, 74/100,000 persons). In unconditional logistic regression risk factor modeling for varicella hospitalization, personnel at highest risk of hospitalization had foreign homes of record, were most junior in rank, had~2 years of military service, were Filipino or black, were male, and served in the Navy. Adjusted risk of hospitalization fell >2-fold from 1987-1988 to 1993-1994 . These finding may assist military public health officials in developing strategies to prevent varicella morbidity.
Varicella (chickenpox) is a common childhood illness, most often manifested as a self-limiting viral syndrome without serious clinical sequelae. The epidemiology of the disease in children has been well described in numerous papers during the last several years. The epidemiology of varicella-zoster virus in adults, however, has been more difficult to characterize accurately. It is clear, though, that adults with varicella are at higher risk for serious morbidity [1, 2] and mortality [3] than are children. One recent study suggested that adult varicella and complications may occur even more frequently than previously realized [4] . This epidemiological study was done to examine risk factors for varicella hospitalization and to determine if the increasing rates of Navy varicella hospitalizations identified in the late 1980s [5] had changed.
Methods
Hospitalization data and source population. Hospitalization data were obtained from a database maintained by the Naval Medical Information Management Center in Bethesda, Maryland. This database contains data from Navy hospitals throughout the world. Each admission record is coded according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes [6] and may have up to eight separate discharge diagnoses. Records were selected for all active-duty Navy and Marine Corps personnel with hospital admissions associated with the ICD-9-CM codes for chickenpox (052.0-052.9). Only the first admission per person per calendar year was extracted.
Demographic data. Files for multivariate analyses were prepared as described [7] . Demographic data for these hospitalizations were combined with demographic data from a 2% random sample by year of all Navy and Marine Corps personnel who were on active duty during any year between 1981 and 1994 (n = 209,975). This sample was provided by the Defense Manpower Data Center, Monterey Bay, California. Demographic data included service branch (Navy or Marine Corps), race/ethnicity, age, rank, length of military service, sex, year, and home of record. Age, length of service, and home of record were grouped into categories for statistical modeling.
Home of record on entering service was divided into seven categories: four geographic regions of the United States, Puerto Rico, the Philippines, and other foreign sites. The four geographic regions of the United States were divided by the Mississippi River and the northern borders of North Carolina, Tennessee, Arkansas, Oklahoma, New Mexico, and Arizona. California and Hawaii were added to the southwestern US region category.
Statistical analyses. Univariate risk factor associations were examined using either the Mantel-Haenszel X 2 test or Fisher's exact test. All covariates were examined together using stepwise, backward-elimination, unconditional multivariate logistic regression modeling with P values of > .15 and < .10, respectively, to remove and reenter covariates into the model. Odds ratios (ORs) were calculated by exponentiating the maximum likelihood-derived coefficients.
Results
A total of 13,018 first hospitalizations of active-duty personnel for acute varicella-zoster virus infection occurred between .s.. 50 Multivariate modeling. Multivariate modeling revealed that each of the demographic covariates was important to the final logistic regression model for varicella hospitalization. Year of service was found to have the strongest association (table 1), with risk peaking during 1987 -1988. Service members of the most junior enlisted ranks (E 1-E3 pay grade) were the most likely to be hospitalized. Independent of rank or age group, service members who had been on active duty for~2 years were at greatest risk for hospitalization compared with their peers with longer service. Importantly, odds for varicella hospitalization were higher for Filipinos and blacks than for whites. More important than race/ethnicity was home of record, with personnel from Puerto Rico and the other foreign sites (not the Philippines) at higher risk compared with personnel reporting homes of record from the northwestern United States. Men were at higher risk for hospitalization than were women, and Navy personnel were at higher risk than were Marine Corps personnel.
Discussion
Varicella-zoster virus infections are a leading cause of infectious and parasitic disease hospitalization among US activeduty personnel [5, 8] . The large increases in Army and Navy varicella hospitalization rates in the late 1980s were alarming [5] . Data from the present study suggest that the incidence among Navy personnel has declined. The US Army has experienced similar decreasing hospitalization rates in recent years NOTE. Multivariate models were conducted using stepwise, backwardelimination, unconditional multivariate logistic regression.
(personal communication, Major Sharon L. Ludwig, US Army Center for Health Promotion and Prevention Medicine, Aberdeen Proving Ground, MD). The authors are unable to explain these fluctuations in rates with changes in hospitalization policy, in the prevalence of immunocompromising diseases, or in the military living environments [5] . It is possible that these rate changes reflect periodic vacillations in varicella-zoster virus exposure or susceptibility among the newest US military personnel. Unfortunately, data are not available to examine temporal changes in susceptibility.
The finding that year of service, rank, length of service, race/ ethnicity, home of record, age group, sex, and service were all independently associated with varicella hospitalization is not surprising. A number of other studies have made similar observations [1, 5, [8] [9] [10] [11] .
Race/ethnicity data from our study are similar to data in a previous report [5] , in that Puerto Ricans, blacks, and Filipinos had a higher risk for hospitalization than did whites. However, a home of record of Puerto Rico put a Navy person at higher risk of varicella hospitalization than belonging to a Puerto Rican racial/ethnic group. Because home of record often serves as a surrogate of where a service person lived during his or her childhood, this suggests that environmental factors, such as less childhood exposure, play a role in adult susceptibility to infection, a concept supported by other studies [8, 9, 12] . Army recruits from Puerto Rico have a seronegativity as high as 42% [8] , and young adults living in a tropical environment have demonstrated seronegativity as high as 28%.
The US Food and Drug Administration has recently approved a varicella vaccine for use in children, and the vaccine has been demonstrated to be efficacious in preventing severe disease in adolescents and young adults [13 -15] . The Department of Defense has considered using it among military personnel. Two Department of Defense serosurveys done in 1989 revealed serologic evidence for considerable susceptibility among US military personnel. Among the Navy and Marine Corps, 6 .7% lacked antibodies to varicella [10] . Among Army recruits, 6 .9% lacked antibodies [11] . These percentages are low compared with similar susceptibility data for measles, mumps, and rubella, for which the Department of Defense routinely offers vaccination [10, 11] . However, varicella is a leading cause of Department of Defense hospitalizations for infectious causes and merits special consideration. Perhaps a cost-effective strategy would be to serologically screen new military personnel on service entry and to use the new varicella vaccine among those found susceptible. Highest screening priority might be given to new service personnel with highest risk of varicella hospitalization.
In summary, the rate of varicella hospitalizations among active-duty Navy and Marine Corps personnel has fallen since the late 1980s. Personnel at highest risk of hospitalization have foreign homes of record, junior enlisted ranks, and~2 years of military service, are male, serve in the Navy, and are Filipino or black. These data are important in considering the strategies to prevent varicella-zoster virus infection in these and similar populations.
